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Objectives: Juxta-anastomotic stenosis (JAS) is one of the predominant causes of arteriovenous fistula (AVF) failure, with
the reported incidence as high as 65%.We hypothesized that technical modification to alter the outflow vein configuration
using the novel piggyback Straight Line Onlay Technique (pSLOT) would prevent JAS and improve AVF maturation.
Methods: Intention-to-treat analysis of the outcomes of consecutive distal radiocephalic (RC) fistulas performed by a single
operator with three different anastomotic techniques using a prospectively maintained database. Traditional end-to-side
technique (ETS), side-to-side straight-line onlay technique (SLOT, STS) and pSLOT in RC AVF created in 125
consecutive patients between 1/2004 and 12/2007 were compared. AVF maturation was evaluated by ultrasonography
at 4 to 6 weeks and use for dialysis.
Results:Themean age of the study group was 53.1 20.7 years, the male-to-female ratio was 61:64, and the races studied
were African American (66; 52.8%) and Caucasian (54; 43.2%). The primary disease for renal failure was hypertension
(54; 43.2%) and diabetes (51; 40.8%). Brachial artery flow at maturation was 1103  531 mL/min. Incidence of early
JAS was 9.8% and late 14.6%. The clinico-demographic variables between ETS (n  57), STS (n  12), and pSLOT
(n 54) were similar. Themedian follow-up between three groups: ETS (19months), STS (12months), and pSLOT (19
months; P  .1), was similar. There was a significant decrease in JAS development in pSLOT patients (P  .04). pSLOT
patients also revealed decreased overall fistula failure (ETS 40.3%, STS 33.3%, pSLOT 16.7%; P  .01).
Conclusions: There was significant reduction in JAS and improvement in AVF maturation with pSLOT. This study
provides evidence highlighting the role of outflow vein configuration in AVF maturation. Minimal alteration of vein wall
configuration and avoidance torsion using pSLOT technique improves AVFmaturation. (J Vasc Surg 2012;55:274-80.)
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pThe improved mortality rate associated with hemodial-
ysis1 has produced a critical need for a reliable vascular
access. Based on the superior patency and lower morbidity
associated with arteriovenous fistula (AVF), the recent
practice guidelines of the American Society for Vascular
Surgery2 as well the Kidney Disease Outcomes Quality
Initiative3 propose creation of AVF before placement of
prosthetic grafts or use of central venous catheters. With
the inception of the “Fistula First” initiative (http://www.
fistulafirst.org), the current prevalence of AVF in theU.S. is
56% and is continuing to increase.4 Despite this, the early
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274hrombosis and failure to mature continues to be a major
roblem with AVF creation. A recent multicenter con-
rolled randomized trial conducted by the Dialysis Access
onsortium (DAC) and sponsored by the National Insti-
utes of Health (NIH) reported a 60% failure to maturation
n AVF.5 Many other studies have reported similar high
ates of primary failure with AVF.4,6-8 Juxta-anastomotic
tenosis (JAC) with a variable reported incidence of 43% to
5% is a major cause for early AVF failure and arrested
aturation.9 Although factors including handling of the
issues, suture technique, physiological changes related to
ncreasing blood flow, rheologic factors, shear stress, and
atient- and surgeon-related variables have been impli-
ated, the exact etiology of JAS still remains unclear.10-13
Regardless of the etiology, the pathologic evaluation of
his lesion is always consistent with neointimal proliferation
omposed mainly of myofibroblast, monocyte/macrophage
nfiltration, extracellular matrix deposition, and microvessel
ormation.14 Studies, including gene expression analysis, indi-
ate upregulation of inflammatory cytokines MCP-1, PAI-1,
nd ET-1 in the peri-anastomotic segment, indicating the
recursor of this phenomenon tobe an injury response.15This
esion is always seen within 1 to 4 cm from the site of AVF
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Volume 55, Number 1 Bharat et al 275anastomosis, resulting in luminal narrowing, decreased fistula
flow leading to arrestedmaturation, and often early thrombo-
sis.16 The variable incidence of JAS within similar patient
populations, between different surgeons within the same cen-
ter, between different access created within the same patient,
and even within a single surgeon’s practice prompted us to
consider the configuration changes in the first 4 centimeters of
the outflow vein caused by the current surgical technique as a
pathologic factor. Creation of AVF results in a 10-fold or
more increase in blood flow, producing a significant stress all
along the fistula outflow vein. Although this increased flow is
distributed all along the vein, JAS is limited to the first few
centimeters of the vein segment.15,17 We felt that this could
be the result of the surgical technique. We hypothesized that
the present technique used for end-to-side anastomosis neces-
sitates a three-dimensional movement of the vein and hence
precipitates torsion of the veinwall in the first few centimeters,
producing a “torsional stress zone” (Fig 1). Acute increase in
the flow compounds this stress, precipitating an intense in-
flammatory response resulting in the development of JAS.We
postulated that altering the vessel wall configuration to re-
move the element of torsion will help overcome this intense
inflammatory response. To achieve this, we developed and
described the novel procedure of the straight-line onlay tech-
nique (SLOT), which has now evolved into “piggyback”
SLOT (pSLOT).18 In this article, we report the long-term
results of using this technical alteration in creating radioce-
phalic (RC) AVF and its effect on fistula JAS and fistula
maturation.
METHODS
Study subjects. This study was performed according
to the guidelines of the Institutional Review Board (IRB) at
Washington University. All patients that underwent distal
RC fistula creation by a single operator between January
2004 and December 2007 were included in the study.
Intention-to-treat analyses of the outcomes of all consecu-
tive RC fistula were performed.
Patient selection. All patients referred for access cre-
Fig 1. Forearm anatomy (A) resulting in toration were evaluated for RC fistula. Patients underwent a Slinical examination and Doppler duplex ultrasound evalu-
tion (DDUS) in the clinic by the operating surgeon to
ssess the suitability of vessels for forearm AVF creation.
oth the size and quality of the vessels were taken into
onsideration. As a guideline, vein diameter of 2.0 mm
ith a tourniquet and an arterial diameter of 2.0 mm
ere considered suitable for AVF creation. Consecutive
atients undergoing RC AVF creation were included in the
tudy.
Anastomotic technique. The first group of patients
control) underwent the standard end-to-side anastomosis
ETS). When branch points were available, they were uti-
ized to create an anastomotic hood (Fig 1). When the
ranch point was not available, the vein was spatulated to
reate an end-to-side anastomosis. Soft atraumatic clamps
ere used for all anastomosis.
The second group of patients underwent side to side
traight-line onlay technique (STS). In this procedure, the
ein was divided, and the cut end was oversewn with 6-0
rolene or ligated. A posteriomedial incision was made on
he vein, and an anterior incision was made on the artery to
onstruct the anastomosis (Fig 2). The technique is de-
cribed as the straight-line onlay technique (SLOT). This
echnique was similar to the side-to-side technique with
istal end ligation except that the anastomosis was on more
osteriomedial aspect of the vein.18
The third group of patients underwent a “piggy back”
l stress zone with end-to-side technique (B).
Fig 2. Torsional component with side-to-side “SLOT.”LOT (pSLOT) procedure (Fig 3). In brief, the cephalic
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for orientation, divided, and the cut end is over sewn with
6-0 prolene. It is moved medially over the artery that lies in
a deeper plane (underneath the deep fascia). A fistula is
created between the posterior aspect of the vein (under-
side of the vein) and the anterior (upper) aspect of the
artery.19 The outflow vein is dissected further in the
subcutaneous tissue to obtain straight lie. Thus, the vein
“piggybacks” on the artery at the site of anastomosis, and
the arterial blood flows into a straight cylindrical lumen
(Fig 3). Outflow veinplasty was occasionally performed as
described before20 if a side branch were available: ETS
(eight; 14%), STS (four; 33.3%), and pSLOT (five; 9.3%).
Postoperative follow-up. Patients were followed on a
regular basis starting 10 to 14 days after the procedure with
a thorough clinical examination. At the second visit (4-6
weeks), a DDUS was performed to assess the anastomosis,
outflow vein, and fistula maturation characteristics. This
included brachial artery flow measurement, measurement
of length, and diameter and depth of the needle access
segment of outflow vein. The maturation criteria used20,21
was similar to that established by the 2005 National Kidney
Foundation Kidney Disease Outcomes Quality Initiative
Guidelines for Vascular Access and included “The Rule of
6s,” except for the depth (depth to consider a fistula mature
was set at5 mm deep from the skin surface). If the fistula
met these criteria, it was deemed appropriate for use. Fail-
ure to reach maturation by 3 months was considered as
failure to mature. JAS was evaluated on all patients during
Fig 3. “Piggyback” SLOT (A) and cross-sectional ultrasound
(B) showing circular lumen for the outflow.the postoperative follow-up visit by DDUS. JAS was de- Sned as a stenosis within the first 4 cm of the outflow vein
n fistulas that failed tomature. The presence of severity was
ased on wall thickening and luminal narrowing associated
long with access dysfunctionmeasured by duplex (brachial
rtery) volume flow measurement. JAS was considered
arly if it occurred within the first 3 months and late if it
ccurred subsequently. Although stenosis within the first 2
m of the arterial side of the anastomosis is also included
ithin JAS, this is rare and for the purposes of our hypoth-
sis was excluded from the definition.
Protocol for fistula management. Maturation eval-
ation was performed during the second postoperative
ollow-up around 4 to 6 weeks by duplex examination. At
hat time, the fistulas had one of the following four charac-
eristics:
I. Fistulas that met the maturation criteria. These fistulas
were considered ready for use without any further
evaluation.
II. Fistulas that were maturing well but did not meet all
the criteria. For example, those with flows between
400 and 600 mL/min. In the absence of any detect-
able problems, they were reassessed in 4 weeks. Dur-
ing repeat evaluation, they usually matured or contin-
ued to remain unchanged or deteriorated. In the latter
two events, they underwent further evaluation by fis-
tulogram.
II. This group had excellent feeding artery flows, but the
outflow veins did not meet thematuration criteria. For
example, the outflow veins were of adequate diameter
but situated deep from the skin surface or developed
collateralized flow due to a stenosis/blockage in the
main outflow vein. These fistulas needed further
evaluation and often required interventions like su-
perficialization or enhancement of the outflow vein
using the side branch to make them suitable for use.
IV. Fistulas that had flows 400 mL/min. In these, the
fistulas frequently had obvious clinically identifiable
problems in the cannulation segment, such as JAS,
poor-quality small-caliber artery (calcified radial), or
previously unrecognized proximal stenosis in the ar-
tery. These fistulas underwent immediate further eval-
uation. Fistulas without a detectable problem in this
group were considered as failure to fistulas.
Statistical analysis. Several clinicodemographic vari-
bles were collected. The continuous data were checked for
ormality using the Shapiro-Wilk test. Non-normal data
ere transformed with a log transformation. Type 1 error
as controlled when performing multiple t-tests using
unn-Sidak correction. Noncontinuous or tabular data
ere compared using the Fisher’s exact test for 2 2 tables
nd 2 for 2  n tables. Relative risk and confidence
ntervals were calculated using the contingency tables. For
ore than two group comparisons and analyzing multiple
ependent variables, multiple analysis of variance was used.
AS development was analyzed using the Kaplan-Meier
nalysis, and the groups were compared using log-rank test.
oftware used for the above analyses were GraphPad Prism
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Volume 55, Number 1 Bharat et al 2774 (GraphPad Inc, La Jolla, Calif), GraphPad Instat 3 (Graph-
Pad Inc), and SYSTAT V 11.0 (SYSTAT Inc, Richmond,
Calif).
RESULTS
Study cohort. During the study period that included
patients between January 2004 andDecember 2007, a total
of 125 patients underwent clinical evaluation, includingUS
vein mapping and creation of RC fistulas by a single attend-
ing surgeon. All patients underwent a similar follow-up
schedule as described in the Methodology. Briefly, the first
follow-up was around 10-14 days, the second follow-up
around 4 to 6 weeks, and thereafter at monthly intervals or
sooner till the fistula was mature or given up. Once the
fistula was in use, patients were seen at least once a year or
sooner if there were access-related problems.
Two patients (one with ETS and one with STS anasto-
mosis) were lost to follow-up and were excluded from the
study. Hence, of the study cohort patients, 57 had ETS, 12
had STS, while 54 underwent pSLOT anastomosis. The
mean age of study group was 53.1  20.7 years, the
male-to-female ratio was 61:64, and the races studied were
African American (66; 52.8%) and Caucasian (54; 43.2%).
The primary disease for renal failure was hypertension (54;
43.2%) followed by diabetes (40.8%). For the entire study
cohort, the mean flow immediately postoperatively was
989  612 mL/min, and on maturation, it was 1103 
531 mL/min. This was not statistically different between
study groups. One patient developed steal syndrome that
required treatment with flow restriction. There were no
stigmata of venous hypertension. Twenty-five (20%) pa-
tients required one or more interventions (46 procedures
overall) in the form of venoplasty, revision, thrombectomy,
Table. Clinicodemographic features of the study subjects
ETS (57)
Recipient factors
Age 53.1  20.7
Gender
Male 61
Female 64
Race
Caucasian 54 (43.2%)
African American 66 (52.8%)
Others 5 (4%)
Comorbidities
Diabetes mellitus 25 (43.9%)
Hypertension 53 (92.9%)
Flow (mL/min) 901  398
Median follow-up (months) 19
Juxta-anastomotic stenosis
Early (3 months) 12.3%
Late (3 months) 14%
AVF thrombosis 17 (29.8%)
Secondary interventionsa 16 (28.1%)
Superficialization 10 (17.5%)
AVF, Arteriovenous fistula.
aDoes not include superficialization procedures.or transposition. The number of patients receiving second- ory procedures in each category was as follows: ETS (16;
8.1%), STS (three; 25%), and pSLOT (six; 11.1%). Most
nterventions were performed early between 1 and 3
onths (mean, 1.3 months). Twenty-seven (21.6%) pa-
ients required a superficialization procedure, and this was
ot different between the different study groups (Table).
eventy-six patients (61.2%) were dialysis-dependent with
entral venous catheters. Median follow-up of the entire
ohort was 19 months. In patients where no additional
rocedure was required, the mean time to use was 5.6
eeks.
Fistula failure rate was 29.3%. The overall incidence of
arly JAS was 9.8% and late 14.6%. Using univariate analy-
is, female gender, diabetes, and vascular technique were
ound to be predictive of primary failure of AVF. However,
ultivariate analysis demonstrated only diabetes (hazard
atio [HR], 1.8; 95% confidence interval [CI], 1.2-3.2) and
ascular technique (pSLOT HR, 0.3; 95% CI, .2-.7; P 
01, compared with ETS) predictive of fistula failure.
Fistula survival with different vascular techniques.
here were no differences in the clinical and demographic
ariables between the three study groups (Table). Diabetes
as been previously shown to cause radial artery calcifica-
ions and significantly increase fistula failure rates, but there
as no difference in the prevalence of diabetes in the study
roups. The median follow-up between the three groups:
TS (19 months), STS (12 months), and pSLOT (19
onths; P  .1) was similar. Overall fistula failure rate was
ignificantly different between the three study groups: ETS
23 out of 57, 40.3%), STS (three out of 12, 25%), and
SLOT (nine out of 54, 16.7%; P .03). The predominant
ause of fistula failure was JAS, followed by thrombosis in
ll groups. pSLOT and STS patients had a lower incidence
SLOT (12) pSLOT (54) P
56.18  12.11 54.51  14.48 NS
NS
52 (53.1%) 23 (34.5%)
49 (46.9%) 18 (65.5%)
NS
10 (9.9%) 4 (9.7%)
91 (90.1%) 37 (90.3%)
NS
5 (41.7%) 21 (39.0%)
10 (83.3%) 43 (79.6%)
1011  688 913  559 NS
12 19
.04
25% 3.7%
8.3% 3.7%
1 (8.3%) 7 (12.9%) .03
3 (25%) 6 (11.1%) .07
2 (16.7%) 15 (27.8%) NSf fistula thrombosis (12.9% and 8.3%, respectively) com-
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demonstrated significantly decreased JAS development:
early (ETS 12.3%, STS 25%, pSLOT 3.7%), late (ETS 14%,
STS 8.3%, pSLOT 3.7%). Based on the Kaplan-Meier
curves, the 1-, 2-, and 3-year incidence of JAS was ETS
(18.5%, 23.6%, 30.9%), STS (38.3%, 38.3%, 38.3%), and
pSLOT (5.1%, 12.2%, 12.2%; Fig 4). There was no differ-
ence in venous hypertension or steal syndrome between
groups (1% for all).
DISCUSSION
JAS is the predominant cause for fistula failure. Al-
though it can develop in AVF constructed in all loca-
tions, it is a predominant cause for failure of RC fistula.
The NIH AVF study showed that clopidogrel signifi-
cantly reduced the incidence of AVF thrombosis at 6
weeks5 but did not help fistula maturation, which re-
mained low at 40%. This study included fistula in both
upper arm and forearm locations and did not report the
specific cause of nonmaturation.
The pathologic feature of JAS suggests an injury re-
sponse producing an inflammatory reaction, resulting in
the development of JAS. Attempts to mitigate this response
using systemic nonspecific and targeted treatments have
not shown any success in mitigating this problem. It is clear
that acute increase in the flow caused by AVF creation is
responsible for setting off the injury response. There is now
evidence showing that mechanical stress on the vessel wall
activates adhesion molecules, growth factors, inflammatory
cytokines, reactive oxygen species, and matrix proteins.15
However, while the flow increases and its effect on the vein
is not very different in the segments adjacent to the location
of JAS, there is no explanation why the intense response is
limited to the first 1 to 4 cm.
The variability of JAS within a similar patient popula-
tion, between different centers in similar geographic areas,
within the same centers, within the same patients, and also
in the hands of the same surgeon using similar instruments
and techniques prompted us to look closely at the config-
uration of the anastomosis. Anatomically, the cephalic vein
and radial artery are in two different tissue planes, with the
Fig 4. Development of juxta-anastomotic stenosis (JAS) in study
groups.artery situated below the deep fascia and vein at the level of ohe investing layer of the superficial fascia. Vein is also
ituated at a variable distance lateral to the artery (Fig 1,A).
he end-to-side technique relies on anastomosing the end
f the vein to side of the artery. This technique necessitates
hree different movements of the vein as shown in Fig 1.
hese include i) superficial to deep (up to down); ii) side
o side (lateral to medial); and iii) horizontal axis to
ertical axis (vein cut end is vertical axis and the arteri-
tomy is horizontal axis). Any tubular structure with soft
alls (such as a vein), when submitted to these three
ovements, will end up with a torsional movement on its
all. Based on the anatomy, dissection, and movement
ecessary for fistula creation, this torsion tends to hap-
en within 1 to 4 cm from the anastomosis. When fistula
s revascularized, an acute circumferential lateral pressure
n the wall is exerted by the 10- to 20-fold increase in the
lood flow. Distribution of this force tends to be very
ifferent on the “torsional stress zone” caused by the
orsion, which now acts as a noncompliant nondisten-
ible stenotic area on the vein wall (one could easily see
his by submitting a penrose drain closed at both ends
lled with water to the three above-described move-
ents). We postulated that the JAS was the end result of
he secondary stress caused by the increased flow on the
torsional stress zone” created by the three-dimensional
ein movement necessary for an end-to-side technique.
e initially tried to reduce this torsion by altering the
onventional technique using SLOT (STS, Fig 2). Fur-
her modification of this was the pSLOT, which changes
he three-dimensional movement of the vein to a two-
imensional movement (only side to side and minimal up
nd down). This completely eliminates the torsional
train on the vein wall.
This technique also provides a complete cylindrical
circular) outflow segment for the arterial blood (Fig 3b).
his possibly helps to reduce the turbulence near the
nastomosis. Postoperative color Doppler ultrasound of
he anastomosis shows a very short segment of turbulent
ow changing to a normal boundary separation pattern,
ndicting vortex or spiral laminar flow close to the anasto-
osis.
The results of the study support our hypothesis. Group
patients showed a significant increased maturation with a
ignificant decrease in JAS. This difference continued in the
ong-term follow-up with superior fistula survival in this
roup of patients.
The study was well balanced in the distribution of
atients. We used patients undergoing RC fistulas as the
natomic relationship in this area is constant, allowing us to
tudy the effect of change in the configuration alone on the
evelopment of JAS. The ETS technique always predis-
oses torsional strain. Torsional strain tends to be the
reatest when branch points are used to create an anasto-
otic hood. It can be reduced by spatulating the vein.
ome authors advocate creating very long anastomosis.22
his tends to minimize the third movement (vertical to
orizontal axis) and may be responsible for the better
utcome reported by this group. In a recent study by Van
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swing point segment and artery can significantly impact the
flow and pressure gradient across the anastomosis.17 They
showed that at an angle exceeding 58 degrees, the arterial
inflowwas not sufficient to deliver enough flow, supporting
the importance of vessel alignment in proper functioning of
the fistula. Stanziale et al compared the technique of end-
to-side anastomosis with end-to-end. End-to-end tech-
nique entails an additional torsion point on the arterial side
and hence can be speculated to do worse. In fact, end-to-
side did significantly better in terms of fistula thrombosis
(4.1% vs 10%) and venous stenosis (2.5% vs 21.4%).23
A single operating surgeon eliminated the procedural
variability between patients, as the operative parameters
such as dissecting technique, instruments, and suture
materials were all similar. Our current practice is to
routinely use this anastomotic technique in all RC fistu-
las and in all other fistula locations, when the anatomy
permits. With this, early fistula failure and JAS is an ex-
tremely unusual event. The technique necessitates around
4 to 5 cm dissection of the outflow vein to obtain a straight
line outflow with a gentle slant up and down and side to
side. This is usually achieved with outflow vein dissection
before starting the closure. The increased arterial flow
makes it easy for the surgeon to straighten the outflow vein
lie with dissection along the plane of the investing layer of
superficial fascia.
As the technique was developed in the course of clinical
practice, we have used consecutive patient data. Using
consecutive patients and minimal (2) exclusions eliminates
selection bias. All patients undergoing RC fistulas were
included in the study on an intention-to-treat basis. One
patient who developed early JAS in the pSLOT was a
patient who underwent an RC fistula after recanalization of
the occluded radial artery. To avoid bias, this patient was
not excluded from the study. All the access data were
collected in a prospective manner in our vascular access
database. We performed a retrospective analysis of patients
starting 1 calendar year before we started to change the
technique from ETS to STS (SLOT). The distribution of
patients provided us a control group with conventional
technique, a group with STS, and a third group with
pSLOT technique. The study clearly demonstrates that the
pSLOT technique decreases both early and late JAS devel-
opment. The overall JAS was 30.9% at 3 years with the
end-side technique. This was similar with the STS (SLOT)
technique of 38.3%. We believe that SLOT does not pro-
vide a significant advantage since it does not completely
eliminate the vein wall torsion and provide a flow into a
circular lumen. The difference in benefit may be too small
to become evident with a small number of patients. The
pSLOT, on the other hand, completely eliminates the
torsional stress and thereby eliminates the stress point in
the outflow vein, which probably is the cause for a majority
of JAS development. This is evident by the significantly
reduced JAS of only 12.3% at 3 years. The decrease in JAS
was most likely the cause of improved fistula maturation
with this technique.There are few limitations of this study. First, this was a
etrospective analysis and nonrandomized study. Second,
ur anastomotic technique evolved from end to side to
LOT to pSLOT. Hence, there was a chronologic differ-
nce between patients undergoing these strategies. Third,
lthough including fistulas performed by a single surgeon
revents interoperator bias, it may make the technique
urgeon-specific, lacking the component of reproducibility.
e included only RC fistulas in the study to prevent any
onfounding bias from inflow arterial size, anatomy, and
ocation of the vessels, making technique the only variable.
nother strong feature of this study was that every patient
ad a stringent follow-up schedule and underwent ultra-
onographic maturation evaluation, including the blood
ows.
This study provides compelling data to support our
ypothesis implicating the end-to-side surgical technique
o play a major role in the development of JAS. pSLOT,
liminating the torsional component and maintaining
roper vessel wall alignment, resulted in significant reduc-
ion of JAS. This technique also brings forth the concepts of
ein torsion causing stress zones in the outflow vein as a
ossible mechanism of development of stenosis. With the
SLOT technique, we were able to significantly reduce the
ncidence of JAS. The overall JAS of 9% is better than any
urrent published reports. We postulate that routine use of
his technique would make a remarkable impact on fistula
utcomes.
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